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Bats of the La Gamba region, 
Esquinas rainforest, Costa Rica: species diversity, 
guild structure and niche segregation 

Murcielagos de la region de La Gamba, 
bosque lluvioso Esquinas, Costa Rica: diversidad espedfica, 
estructura gremial y segregacion de nichos 

Armin Landmann, Christoph Walder, Anton Vorauer, Sonja Bohn 

& Moritz Weinbeer 


Abstract: The Piedras Blancas National Park in south-west Costa Rica harbours some of the most species-rich habitats in Cen¬ 
tral America. We give a first overview of its bat fauna and investigate differences of species diversity and bat community struc¬ 
tures between habitats with different levels of disturbance for a representative sub-area at the eastern edge of the park. With 49 
species, the small 6 km 2 investigation area around La Gamba exhibits a very high bat diversity including many species considered 
rare or uncommon in Costa Rica. A total of 1702 bats was captured in mist nets over 59 nights from January to March 1997 and 
2004- Capture rates were higher at gallery woodlands and at secondary forest margins than at primary rainforest sites, but the lat¬ 
ter showed higher species numbers and a more balanced dominance structure. Primary habitats also had the highest number of 
foraging guilds and especially gleaning insectivores and nectarivores were mostly found in mature forests. Understorey gleaning 
frugivores (Carollia spp.) and a few aerial insectivores, on the other hand, made up a high proportion of total captures in the cul¬ 
tivated landscape. There, gallery woodlands, live fences and shaded plantations proved to be important flyways and foraging 
places for a surprisingly diverse bat fauna (30 species recorded). Differences in average capture heights at ground level mist nets 
indicate fine tuned spatial niche segregation between some aerial insectivores, but only to a low extent for members of frugivo- 
rous guilds. 

Key words: Costa Rica, Microchiroptera, alpha diversity, habitat disruption, foraging guilds, corridors, countryside ecology. 

Resumen: El Parque Nacional Piedras Blancas en el suroeste de Costa Rica alberga algunas de las zonas de vida mas ricas en es- 
pecies de Centroamerica. Damos una primera vision general de su quiropterofauna e investigamos diferencias en diversidad de es- 
pecies y estructura de la comunidad de murcielagos entre habitats con diferentes grados de perturbacion, para un area representa- 
tiva del borde este del parque. Con 49 especies, el area pequena de investigacion de 6 km 2 alrededor de La Gamba tiene una alta 
diversidad de murcielagos con muchas especies hasta ahora reportadas como raras o poco comunes en Costa Rica. Los murciela- 
gos fueron capturados en 59 noches de enero a marzo de 1997 y 2004, con un total de 1702 capturas. Las tasas de captura fueron 
mas altas en bosque de galena y las margenes del bosque secundario que en los sitios de bosque primario, pero estos ultimos 
mostraron numeros mayores de especies y una estructura de dominio mas balanceada. Los habitats primarios tambien tuvieron el 
mayor numero de gremios alimentarios. Especialmente los insectfvoros recolectores y los nectarfvoros se encontraron mayormente 
en bosques maduros. De otra parte, los frugivoros recolectores del sotobosque (Carollia spp.) y algunos insectfvoros aereos repre- 
sentaron una alta proporcion de las capturas totales en el paisaje cultivado. Ahf, los bosques de galena, cercas vivas y plantfos con 
sombra emergieron como importantes rutas de vuelo y lugares de alimentacion para una fauna de murcielagos sorprendentemente 
diversa (30 especies registradas). Diferencias en la altura promedio de capturas con redes a nivel del suelo indican una segregacion 
fina de nichos espaciales entre algunos insectfvoros aereos, pero solo en menor grado para los miembros de los gremios de 
frugivoros. 

Palabras clave: Costa Rica, Microquiroptera, diversidad alfa, discontinuidad de habitat, gremios alimentarios, corredores, ecologfa 
de campo. 
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Fig. 1: Investigation 
area around La 
Gamba, near Golfito, 
SW Costa Rica, with 
sample sites at 
different habitats. PI- 
4, SI-4, Cl-3, G1-2 = 
sites sampled 2004; 
symbols without 
number = sites 
sampled 1997. Five 
pasture-sites sampled 
in the year 1997 are 
within a diameter of 
150 m of Cl and 
therefore not plotted 
separately. Map 
source: Institute 
Geografico de Costa 
Rica, E-736, Edicio'n 1- 
IGCR 1964; Hoja 3542- 
I, Piedras Blancas. 
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Introduction 

Among mammals, bats are unsurpassed in ecological 
diversity, and in tropical forests more than 100 species 
may coexist (e.g. FINDLEY 1976, HELLER & VOLLETH 
1995, Voss & Emmons 1996). In tropical ecosystems, 
bats play indispensable roles in dispersing large quanti¬ 
ties of seeds, pollinating flowers and controlling insect 
populations (e.g. Kalko & Handley 2001). According¬ 
ly, a large number of papers has been published not on¬ 
ly on the biology and ecology of tropical bat species, but 
also on alpha-diversity and guild structures of bat com¬ 
munities in neotropical forests including many Central 
American locations (e.g. Humphrey et al. 1983, Arita 
1997, Estrada & Coates Estrada 2001, Fenton et al. 
2001, Giannini & Kalko 2005, Stoner 2005, Medina 
et al. 2007). 

Nevertheless, habitat loss and degradation of tropi¬ 
cal regions goes on undamped with, for example, an es¬ 
timated annual loss of 4 million ha of forest cover in 
Latin America alone (GROOMBRIDGE & Jenkins 2002). 
Thus in recent years, an increasing number of contribu¬ 
tions has also dealt with the impact of forest destruction 
and fragmentation on neotropical bat faunas (e.g. COS- 
son et al. 1999, Cuaron 2000, Medellin et al. 2000, 
Quesada et al. 2003, Clarke et al. 2005, Peters et al. 
2006), a problem which is also present in the focus area 
of this book. 


In Costa Rica itself, bat research has a long tradi¬ 
tion. Besides a number of more specialised studies on 
the ecology of single species (e.g. Casebeer et al. 1963, 
Fenton et al. 1993, Wohlgenant 1994, Stoner 
1997, 2001) and of local bat communities (e.g. LaVal 
& Fitch 1977, Dinerstein 1986, Timm 1994, Riba- 
HernAndez 1996, Tschapka 2004, Stoner 2005), 

some broader overviews about the bat fauna of the en¬ 
tire country (GARDNER et al. 1970, RODRIGUEZ & CHIN¬ 
CHILLA 1996, Rodriguez & Wilson 1999, LaVal & 
RODRIGUEZ 2002) have been published, including iden¬ 
tification guides (Reid 1997, Timm & LaVal 1998). 

Very little information, however, is available about 
the status and conservation of bats in the south-western 
part of the country (i.e. the Golfo Duke region). As this 
area hosts one of the last conserved lowland rainforests 
on the Pacific coast of Central America, data about gen¬ 
eral habitat requirements, local species richness and re¬ 
gional distribution patterns are urgently needed to eval¬ 
uate and monitor the results of rapid changes in natural 
and environmental conditions for the bat fauna of this 
hot spot of biodiversity. 

In this paper we therefore aim to (1) give a first 
overview about the bat fauna in the area of the Piedras 
Blancas National Park (Esquinas Rainforest), and (2) 
assess differences in bat species assemblages (species di¬ 
versity, relative species abundance and foraging guild 
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Fig. 2 : Differences in vegetation structures between three primary and three disturbed habitats in and around the Esquinas Forest. Tree 
densities are plotted separately for trees with a d.b.h. < 35 cm (lines; right axis) and for mature trees (d.b.h. > 35 cm; bars, left axis). Site 
numbers and methods see Fig. 1 and text. 


structures) between habitats differing in human impact 
for a small but representative area of the park. For this 
comparison, we use field data sampled in the course of 
the research project “Mammals of the Costa Rican 
Rainforest of the Austrians” (Landmann et al. 2003) 
together with extensive data collected in an earlier 
study by Weinbeer (cf. Weinbeer & Stoner 1997/99) 
from a “gradient of disturbance”. This gradient covers 
sites with pristine rainforest, disturbed patches at forest 
edges (degraded primary and secondary forest), as well 
as intensely used semi-open to open landscapes outside 
the national park (gallery woodland along streams, 
plantations, pastures). In addition, for a subset of 
species, we test if capture heights at ground level mist 
nets might serve as a raw indicator of niche segregation 
between species within a given foraging guild. 

Materials and Methods 

Investigation area, study sites 

Our research has been based on the La Gamba Field 
Station (8°42'N, 83°12'W) at the eastern edge of the 
Piedras Blancas National Park (also called Esquinas for¬ 


est or “Rainforest of the Austrians”) in the south-west¬ 
ern corner of Costa Rica (Golfo Duke region). Details 
about the climate, landscape and vegetation of the area 
are given in WEISSENHOFER & HUBER 2001, WEIS- 
SENHOFER et al. 2001, and other contributions within 
this book. 

Our main investigation area covers an area of ap¬ 
proximately 6 km 2 within a diameter of 2 km around the 
La Gamba biological field station (Fig. 1). Additional 
data stem from other places, especially from one roost¬ 
ing site (cave) about 3 km north-east of the border of 
the national park. Details about vegetation structures 
and floral composition of the different habitats in the 
sampling area (including descriptions of most of our 
sample sites) are given in Huber 2005, Weissenfiofer 
2005 and WEISSENHOFER et al. 2001 (with further refer¬ 
ences). Within our main investigation area, 29 mist net 
sites in 1997 and 14 sampling sites in 2004 were select¬ 
ed (Fig. 1). These sites can be assigned to four different 
main habitat types. As all sites of each type are situated 
close together and as detailed habitat measurements 
were carried out only 2004 we focus on a structural de¬ 
scriptions of our 2004 sites (Fig. 2). 
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Table 1: Sampling effort, sampling efficiency, number of bats captured and number of species identified in each habitat (site) sampled. 
Data are given for each single site sampled in 2004 and summarised for 8 primary forest (P), 10 secondary forest (S), 6 cultivated land (C) 
and 5 corridor sites (gallery forests: G) sampled by Weinbeer 1997 (= W 1997). Capture rates are lower for 1997 samples mainly because 
entire night sampling included low activity periods of bats then. 


Site 

PI 

P2 

P3 

P4 

SI 

S2 

S3 

S4 

S5 

Cl 

C2 

C3 

G2 G1 

Sample nights 2004 

2 

2 

2 

1 

1 

2 

2 

2 

2 

2 

2 

2 

1 1 

W 1997 


11 





13 




9 


5 

Net h 

40 

40 

40 

20 

20 

28 

28 

20 

20 

40 

40 

40 

15 15 

W 1997 


389 




389 




389 


167 

Species 2004 

7 

12 

13 

10 

12 

14 

10 

4 

14 

12 

9 

10 

16 14 


(25 species 2004) 




(31) 




(15) 


(19) 

W 1997 


30 





28 




7 


22 

Individuals 2004 

74 

49 

43 

50 

66 

136 

65 

17 

49 

39 

24 

30 

72 65 

W 1997 


264 




442 




17 


199 

Capt.-rate* 2004 

4.36 

2.89 

2.53 

5.90 

7.78 

12.2 

8.12 

2.00 

5.78 

2.30 

2.83 

3.53 

11.3 12.3 

W 1997 


2.26 




3.79 




1.46 ** 


3.98 

* Capture rate = bat individuals/m 2 /h x 10 2 , ** 

= bat individuals/m 2 /h x 10 3 









Primary forest within the national park 
(8 sites 1997, 4 sites 2004) 

Our primary forest sites (altitudes between 80 and 
250 m above sea level) belong to three main types of 
rainforest: ridge forest (most sites 1997, PI, 2004,), 
slope forest (P2, P4: 2004) and gorge forest (one site 
1997, P3, 2004). The floristic composition and vegeta¬ 
tion at and around these sites are described in detail in 
Huber 2005 and Weissenhofer 2005. The relative 
canopy cover as derived from our own measurements in 
the year 2004 varied from 77% (P3) to 87% (PI) and 
the relative horizontal vegetation cover (density) in the 
understorey (< 1 m) from 50% (P2) to 60% (PI; further 
differences see also Fig 2.). 

Forest margins, secondary forests 
(10 sites 1997, 5 sites 2004) 

This habitat type comprises a heterogeneous sample 
of tree-dominated sites with different levels of distur¬ 
bance, alteration and of isolation from primary habitats. 
All sites were located at altitudes from 75 to 150 m. All 
ten sites sampled 1997 by Weinbeer were within 250 m 
of the field station (see Fig. 1) and consisted primarily 
of shrubs and small trees (d.b.h. < 20 cm). Our 2004 
sample sites nearby included: (SI) a forest edge with re¬ 
mains of primary forest but including clearings with 
reedy vegetation and high shrub densities and with very 
low canopy cover (31%), (S2) an abandoned cocoa 
plantation (Fig. 2, Photo Fig. 4c) close to the field sta¬ 
tion in the state of regrowth (some single tall trees; 
canopy cover > 80%; high vegetation density in the 
lower strata see Fig. 2), and (S3) a semi open, park-like 
area around an abandoned finca (= old field station) at 
the edge of the forest. This area included a small pond 
and a tiny banana plantation, and the density of small 
to medium-sized trees was still high (canopy cover 63%, 
see Fig. 2). Whereas the above 13 sites were in close 
vicinity to the biological station at the border of the na¬ 


tional park (i.e. close to primary forest, see Fig. 1), two 
additional sites sampled only in 2004 were located 1.3 
to 1.7 km from the biological station (national park bor¬ 
der) across the open (cultivated) valley of the Rio Gam- 
ba. Both sites (S4 & S5) were situated at forest edges 
near the valley floor in the foot hills of the Fila Gamba, 
a ridge (up to 305 m asl.) covered with comparatively 
dense secondary forests (canopy cover at the sampling 

sites: S4: 67%; S5: 81%). 

In general, most forest margins (as well as gallery 
woodland, see below) in our sample are characterised by 
high densities of important food plants for frugivorous 
bat species (e.g. Carollia & Artibeus spp.) like Vismia 
baccifer (Clusiaceae), Piper hispidum (Piperaceae) and 
Solarium spp. (Solanaceae). 

Cultivated land (6 sites 1997, 3 sites 2004) 

This habitat type comprises open to semi-open dis¬ 
turbed landscapes outside the national park in the 
floodplains of the Quebrada Negra and Quebrada Gam¬ 
ba valleys (70-80 m asl). The investigated cattle pas¬ 
tures differed in the numbers and density of residual 
trees and shrubby vegetation (mostly small C ecropia 
stands, some shrubs of Mimosaceae, Onagraceae). Site 
Cl was close (50-250 m distance) to the (disturbed) 
edge of the forest, and was only lightly grazed. Two habi¬ 
tat subsets (more open pasture and pasture near forest 
edge) with comparatively high canopy cover (19 and 
57% respectively) were sampled in 2004 (see Fig. 2, 
Photo Fig. 3d). Mainly within the area of this pasture, 
Weinbeer also collected bat data at six single mist-net 
sites in 1997. Site C2 in the centre of the La Gamba 
valley had only scattered small trees and shrubs along a 
small creek and at its margins, and was intensively 
grazed (high densities of cattle). Some cattle grazing al¬ 
so took place in our third “cultivated land” sampling site 
(C3), an old oil palm plantation in the middle of the 
open valley of the Rio Gamba (distance to forest edges 
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> 300 m). At this site, oil palms covered about 57% of 
the area (relative canopy cover) hut in the open spaces 
along three small creeks, grasses and reeds vegetation 
were dominant. 

Gallery forest and other corridor habitats 
(5 sites In 1997, 2 sites in 2004) 

Bat data from five corridor sites (Fig. 1) are available 
from the 1997 investigations. Three corridors were 
recognised as stands of trees (live fences) between pas- 
tures consisting mainly of E rythrina costaricensis 
(Fabaceae) and Gmelina arborea (Verbenaceae). One 
corridor was close to a creek (Quebrada Bolsa) crossing a 
pasture. Its edges were covered with bushes and small 
trees. The fifth corridor was along the border of a cattle 
pasture, consisting of fences, finca house walls and a few 
trees. Corridors usually connected forested areas that 
were located 100 m to a few kilometres away from each 
other. Nets were set perpendicular to the direction of the 
corridor in order to capture bats flying along the line. 

In 2004 we investigated two additional forested cor¬ 
ridor sites (70 m asl.) along the Quebrada Gamba, cross¬ 
ing pastures and other open cultivated land (Fig. 1). 
The width and structure of the gallery woodland along 
the small “La Gamba river” varies within the valley 
(from single tree stands to forests with 20-50 m width), 
but overall the trees and shrubs along the river form an 
important undisrupted corridor in the landscape. At 
both sites, trails, solitary farm houses (fincas) and small 
strips of plantations (banana, oil palm) were located 
near the river. The gallery forest at site G1 (ca. 1 km 
south of site G2) was less diverse (young afforestation 
with low shrub density in the open understorey; canopy 
cover approx. 56%) than at site G2 (a good mixture of 
trees and tall shrubs and open spaces; canopy cover ap¬ 
prox. 42%). Food plants for frugivorous bats were abun¬ 
dant along the rivers (see above). 

Vegetation measurements, habitat attributes 

We used a few simple, standardised methods to as¬ 
sess (measure) habitat features in order to characterise 
local conditions and to compare sites: 

A value for canopy cover was derived from averaged 
estimates at 45 randomly chosen points within each study 
site. At each point we used a simple eye tube (diameter 
10 cm, length 25 cm) to assess the percentage of visible 
air in the canopy. The mean horizontal vegetation cover 
(or density) in the understorey was assessed by using a 
2.5 m tall strip board (five alternating red and white 
bands, 0.5 m wide) at 36 random points within each 
study site. At each point, we estimated the proportion of 
the bands remaining visible (or being covered by vegeta¬ 
tion respectively) from approximately 7 m distance at 5 
height classes (-0.5 m, -1 m, -1.5 m, -2 m, -2.5 m). 


The vegetation cover or proportion of bare ground 
at the forest floor was estimated for 45 randomly select¬ 
ed 4 m 2 plots per site. Data about tree densities were col¬ 
lected using the “point centred quarter method” 
(Mueller-Dombois & Ellenberg 1974) at 15 random¬ 
ly chosen quadrants per study site. 

As the above measurements took place only at some 
representative sites and only during the 2004 investiga¬ 
tions, the data are only used here to give a better im¬ 
pression about structural differences of the main habi¬ 
tats and not used for further analysis of bat communities 

(Fig. 2). 

Sampling of bats 

Bats were captured in Japanese mist nets (36 mm 
mesh width) during 38 nights from 2 January to 26 
March 1997 and during 21 nights between 17 January 
and 26 March 2004. Details about sampling effort and 
sampling efficiency in different habitats and sampling 
periods are given in Table 1. 

For data collection in 1997, Weinbeer used three to 
five 12 m wide by 2.5 m tall nets. Nets were positioned 
in a line, in perpendicular positions to one another, 
with resulting total net-lanes of 50-70 m, and distances 
between nets of 5-20 m. Sampling was conducted 21 
nights in January, 13 in February, and four in March. 
Flabitats were changed for sampling approximately 
every night to minimise meteorological or lunar phase 
biases. Nets were opened from 17.30 h to 5.30 h for the 
first 21 nights, from 17.30 h to 0.30 h for the following 
13 nights, and entire night sampling was again conduct¬ 
ed for the last four nights. Nets were occasionally closed 
during this period due to heavy rain and mist netting 
time was interrupted. Mist net efforts (net hours) were 
equal for all habitats, except for the corridor habitat, 
where it was less than half (Table 1). Nets were moni¬ 
tored in 10 min intervals. Captured bats were identified 
to species (using the keys of Timm & LaVal, 1998 and 
HANDLEY, in press), sexed, weighed and measured di¬ 
rectly at the sampling sites. Before release, bats were 
marked by cutting a small amount of hair on the back of 
the head in order to recognise them as recaptured. 

Data collection took place in a similar way in 2004, 
but the following differences should be remarked. At 
each site one 6 m wide, two 8 m wide, and two 12 m 
wide and 3-4-5 m tall nets were opened at dusk for only 
4 h (1730-2130 hrs), which corresponds to peak forag¬ 
ing times of most ground dwelling bats. At six sites (PI- 
P3, S2-S3, Cl), sampling took place at two nights (pe¬ 
riod 1: 26.1-11.02; period 2: 15.02.-11.03), at the other 
sites only one night was sampled (13.3-20.3). For each 
individual bat captured, the capture height in the net 
was noticed (estimated to the nearest 10 cm) and indi- 
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Table 2: Systematic list of the bat species of the La Gamba region (Piedras Blanca National Park, Costa Rica). Total number of individuals 
sampled during 59 trapping nights from 2.1.-26.3.1997 and from 17.1.-26.3.2004 for the entire area and for the main habitats: 

P = primary forest; S = forest margins / secondary forest; SW = sampling sites at the border of the National park, SE = data from two sites 
approx. 1.5 km east to the NP (only sampled 2004); C = cultivated semi-open land; G = gallery woodland and other forested corridor sites 
(sampled 1997) in the open landscape to the east of the NP. Species are assigned to the following foraging guilds: IA = insectivorous 
(aerial), IG = insectivorous (gleaning); N = nectarivorous (gleaning); FU = frugivorous (understorey gleaning); FC = frugivorous (canopy 
gleaning); G (gleaners: O = omni- to carnivorous, S = sanguinivorous). 


Species (Family) 

common name Guild 

1997 

2004 

P 

97 

P 

04 

SW 

97 

SW 

04 

SE 

04 

C 

97 

C 

04 

G 

97 

G 

04 

Emballonuridae 














Centronycteris centralis Shaggy Bat 

IA 

1 

1 

1 

1 








Rhynchonycterls naso 2 

Proboscis Bat 

IA 

4 

10 


3 

3 

2 


1 


1 

5 

Saccopteryx billneata 2 

Greater White-lined Bat 

IA 

13 

14 

1 


2 

8 


6 

6 

4 


Noctilionidae 














Noctillo albiventris 

Lesser Fishing Bat 

IA 

- 

11 







9 


2 

Mormoopidae 














Pteronotus gymnonotusB\g Naked-backed Bat 

IA 

1 

- 

1 









Pteronotus parnellii 

Common Mustached Bat 

IA 

60 

26 

18 

6 

11 

2 


3 

2 

28 

16 

Phyllostomidae 














- Phyllostominae 














Micronycteris hlrsuta 

FHairy Big-eared Bat 

IG 

13 

1 

13 

1 








Micronycteris microtis 

Common Big-eared Bat 

IG 

6 

1 

3 


3 

1 






Micronycteris nicefori 

Niceforo's Big-eared Bat 

IG 

4 

- 

3 


1 







Micronycteris 














schmidtorum 

Schmidt's Big-eared Bat 

IG 

7 

- 

5 


2 







Phyllostomus discolor 

Pale Spear-nosed Bat 

GO 

9 

9 


1 

9 

4 





4 

Phyllostomus hastatus 1 

Greater Spear-nosed bat 

GO 

2 

2 

1 


1 






2 

Tonatia brasiliense 

Pygmy Round-eared Bat 

IG 

2 

3 


1 

2 

1 

1 





Tonatia saurophila 

Pygmy Round-eared Bat 

IG 

17 

- 

14 


3 







Trachops cirrhosus 

Fringe-lipped Bat 

GO 

3 

- 



3 







Vampyrum spectrum 

Great false vampire Bat 

GO 

2 

- 

2 









- Desmodontinae 














Desmodus rotundus 1 

Common Vampire Bat 

GS 

35 

26 

1 

16 

16 

7 

1 


2 

18 


- Carolliinae 














Carollia brevicauda 

Silky Short-tailed Bat 

FU 

40 4 

32 

25 4 

11 

12 

11 

9 


1 

3 


Carollia castanea 

Chestnut Short-tailed Bat FU 

166 4 

125 4 

26 4 

30 

138 4 

56 4 

20 


5 

2 

14 

Carollia perspicillata 

Seba's Short-tailed Bat 

FU 

181 4 

100 4 

30 4 

34 

121 4 

44 4 

5 


14 

30 

3 

- Glossophaginae 














Anoura cultrata 3 

Handleys Hairy-legged B 

N 

6 

- 

6 









Anoura geoffroyi 

Geoffroy's Hairy-legged B N 

- 

2 


2 








Choeroniscus godmani 

Godman's Whiskered Bat 

N 

- 

1 





1 





Glossophaga leachii 3 

Gray's Long-tongued Bat 

N 

- 

1 


1 








Gloss, commissarisi 

Brwon Long-tongued Bat 

N 

10 

2 

1 

1 

6 


1 



3 


Glossophaga soricina 

Common Long-tongued B N 

11 

3 


2 4 

4 


1 



7 


Hylonycteris 

Underwoods 













underwoodi 

Long-tongued Bat 

N 

- 

3 


3 








Lichonycteris obscura 

Dark Long-tongued Bat 

N 

1 

1 




1 




1 


- Lonchophyllinae 














Lonchophylla robusta 1 

Orange Nectar Bat 

N 

6 

6 

2 


3 

2 

1 



1 

3 

Lonchophylla mordax 

Goldman's Nectar Bat 

N 

25 

15 

10 

10 

14 

4 

1 



1 


- Stenodermatinae 














Artibeus jamaicensis 

Jamaican Fruit-eating Bat FC 

62 

68 

7 

6 

8 

21 


2 

12 

45 

29 

Artibeus lituratus 

Great Fruit-eating Bat 

FC 

17 

19 

9 

4 

4 

4 



3 

4 

8 

Artibeus phaeotis 

Pygmy Fruit-eating Bat 

FC 

46 

15 4 

19 

7 

24 

5 

1 



3 

2 

Artibeus watsoni 

Thomas' Fruit-eating Bat 

FC 

75 

112 4 

37 

38 

28 

44 4 

16 

2 

6 

8 

8 

Centurio senex 

Wrinkle-faced Bat 

FC 

- 

2 


2 








Chiroderma villosum 

Hairy Big-eyed Bat 

FC 

4 

- 

3 







1 


Platyrrhinus helleri 

Hellers Broad-nosed Bat 

FC 

11 

15 

1 


1 

8 

2 


2 

9 

3 

Sturnira lilium 

Little 














yellow-shouldered Bat 

FC 

27 

41 

1 


9 

13 


2 

11 

11 

17 

Sturnira mordax 

Talamancan Bat 

FC 

- 

1 









1 

Uroderma bilobatum 

Common Tent-making B 

FC 

28 

49 

1 


11 

19 

1 

1 

12 

16 

17 

Vampyressa nymphaea 

Striped Yellow-eared Bat 

FC 

- 

7 


2 



5 





Vampyressa pusilla 

Little Yellow-eared Bat 

FC 

17 

10 

15 

7 


2 

1 



2 


Vampyrodes caraccioli 

Great Stripe-faced Bat 

FC 

1 

4 

1 



3 





1 

Thyropteridae 














Thyroptera tricolor 

Spix's Disk-winged Bat 

IA 

- 

1 









1 
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Table 2: continued 


Species (Family) 

common name 

Guild 

1997 

2004 

P 

P 

SW 

SW 

SE 

C 

C 

G 

G 






97 

04 

97 

04 

04 

97 

04 

97 

04 

Vespertilionidae 

Rhogeessa io 3 

Rainforest Yellow Bat 

IA 


2 







2 



Rhoqeessa tumida 

Centr.American Yellow B 

IA 

3 

2 



2 

2 




1 


Myotis nigricans 

Black Myotis 

IA 

8 s 

20 4 

7 

16 4 

1 




3 


1 

Myotis riparius 3 

Riparian Myotis 

IA 

- 

5 


5 








Eptesicus furinalis 

Argentine Brown Bat 

IA 


2 




2 






unidentified family 
/genus 

(escapes from net) 



(12) 


(4) 


(4) 



(4) 



captured individuals 



922 

782 

264 

214 

442 

270 

67 

17 

94 

199 

137 

species numbers 



37 

41 

30 

25 

28 

24 

16 

7 

15 

22 

19 


1 species also recorded at a roosting cave within mature forest approx. 3 km NE of the field station 

2 species also commonly found at roosts & nursery sites at Esquinas Rainforest lodge and the La Gamba field station. 

3 identification of species slightly uncertain (preliminary finding) 

4 sample includes 1-2 specimens of the genus with uncertain species assignment 

5 eight individuals of Myotis sp. (not identified to species) assigned to this species 


viduals were then secured and kept in a cotton bag for 
identification and detailed morphometric treatment. 
This was done later the same night at a nearby station 
with good working (and light) conditions. Bats were 
identified to species (using the keys of Reid 1997, TlMM 
& LaVal 1998 , LaVal & Rodriguez 2002), weighed 
and at least 5 external morphological characters were 
measured on each bat (length of body, forearm length, 
tibia length, tail length and ear length). Animals were 
released after treatment. In March 2004, bats were indi¬ 
vidually marked before release with a pinhole code 
(patagium punching) in order to get information about 
local movements. 

Data analysis 

In order to improve sample size and to complete 
species lists, we pooled data of all sampling sites for the 
main habitat types and we also pooled the more recent 
data from 2004 with that collected 1997 at the same ar¬ 
eas in nearby locations. 

For comparisons of local communities each bat 
species was assigned to one of six raw foraging guilds: N 
= nectarivore, FC = frugivore - mostly canopy gleaning, 
FU = frugivore - mostly understorey gleaning (includ¬ 
ing some partly insectivorous species), IA = insectivore 
- aerial and IG = insectivore - gleaning. Omnivore 
gleaners and some specialised species (piscivore/sangui- 
vores) were grouped together in a “gleaner guild” (OG). 
Assignments were based on information in HUMPHREY 
et al. 1983, Reid 1997, LaVal & Rodriguez 2002, Gi- 
ANNINI & Kalko 2004). Differences in the guild struc¬ 
tures of the main habitats were assessed by comparing 
dominance patterns of individuals belonging to the dis¬ 
tinguished foraging guilds via simple chi-squared tests. 
Differences in capture heights were tested with two- 
sided t-tests after assessing levels of variance. We give 
Shannon’s diversity index for the bat assemblages of 


each habitat sampled, although we feel that such indices 
should be interpreted with great care for inter-habitat 
comparisons for the following reasons: (1) sampling ef¬ 
fort is not equal between different sites and periods, (2) 
even when sampling effort is equal between different 
sites, the use of diversity indices may be problematic es¬ 
pecially because the presence or absence of rare species, 
which often occurs just by chance, may affect the out¬ 
come of diversity indices (see STONER 2005). We there¬ 
fore mainly rely on simple rank-abundance graphs to 
make initial comparisons between the bat communities 
of primary and secondary habitats in our investigation 
area and give a simple dominance index (after Me 
NaughtoN: 100 x y 1 +y 2 /Y) were the abundance of the 
two dominant species (yj+y 2 ) is related to the entire 
sample size (number of all individuals of all species Y). 

Results 

Species composition and 
general abundance patterns 

Altogether, about 49 bat species belonging to 6 fam¬ 
ilies were recorded in the La Gamba region in 1997 and 
2004- Eight species reported in 1997 were not found in 
2004 and 12 species captured in 2004 are lacking in the 
1997 data set (Table 2). The local occurrence of one or 
two species is slightly uncertain because only 1 to 2 in¬ 
dividuals were captured and some doubts remain about 
the determination (Table 2, see discussion). Secure 
identification to species level was also not possible for a 
few individuals of the genera Carollia, Artibeus and My¬ 
otis, and such individuals have been assigned to the 
most likely (or abundant) species in the overview in 
Table 2. The species and family list in Table 2 is supple¬ 
mented with assignments of each species to one of six 
general foraging guilds and with the number of individ¬ 
uals captured in the main habitats during the two inves- 
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Fig. 3: The sanguivore Desmodus rotundus (a) was captured at different habitats in the La Gamba region: from near roosting sites in 
pristine ridge forests (site PI = (b), to "stepping stone"-habitats at forest edges (abandoned cocoa plantation: site S2 = (c), to its 
foraging grounds (cattle pasture Cl - (d). Photos: A. Vorauer. 


tigation periods (1997, 2004), allowing a first assess- 
ment of species-specific local abundances. 

A total of 1702 individuals was captured. Of this to¬ 
tal, 12 individuals escaped from nets before an assign¬ 
ment to genus or even family level was possible (but 
these data are used for the calculation of capture effi¬ 
ciency; see Tables 1 & 2). Members of the family Phyl- 
lostomidae were dominant in the La Gamba bat commu¬ 
nity. Overall, this family contributed 76% of species and 
88% of all individuals sampled (37 species, 1495 individ¬ 
uals). These 37 species belong to 6 different subfamilies 
whose members show pronounced differences in local 
species diversity, abundance and foraging strategies. 
Whereas the mainly canopy-gleaning frugivorous sub¬ 
family Stenodermatinae (e.g. Fig. 4d) was the most 
species-rich group (13 species; 41% of all captured 
phyllostomid bats), understorey frugivores (subfamily 
Carolliinae) were dominant in terms of abundance, 
about 43% of all phyllostomid bats (and 38% of all bats 
captured) belonging to only three Carollia species 
(e.g. Fig. 4e). Members of the subfamily Phyllostominae 
(e.g. Fig. 4b), which are mostly insectivorous or omni- to 


carnivorous gleaners at lower strata, are species rich in 
the area (10 species), but in both investigation years have 
only been recorded at low densities (together 5.4% of all 
phyllostomid bats). This is also true for the 10 nectari- 
vore species (e.g. Fig. 4f) of the closely related subfamilies 
Glossophaginae and Lonchophyllinae (6.2%), from 
which only one species, Lonchophylla mordax, has been 
recorded in both years in substantial numbers. It should 
be stated however, that some species of this group are not 
easily distinguishable under field conditions (e.g. Anoura 
spp.) and that the assignments of captured individuals to 
particular species may not be correct in all cases (which 
is also true for some Vespertilionidae, cf. Table 2). 

The sanguivore Common Vampire Bat (Desmodus 
rotundus, Desmodontinae, Fig. 3a) seems to be quite 
common around La Gamba and was not only captured at 
or near cattle pastures but was also found at forest edges 
with small creeks, at the edge of the primary forest and 
even within mature forests (roosting caves) at quite a 
distance from the forest margins. All 12 species from the 
remaining 5 families (see Table 2) are aerial insectivores 
(e.g. Fig. 4c) and may thus be under-represented in the 
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Fig. 4. Bats of the 
La Gamba region: 
The pictures depict 
representatives of 
each foraging 
guild: 

(a) Rhyncho- 
nycteris naso - 
aerial insectivore; 

(b) Phyllostomus 
discolor - gleaning 
omnivore; 

(c) Tonatia 
brasitiense - 
gleaning 
insectivore; 

(d) Sturnira lilium 

- canopy frugivor; 

(e) Carollia 
perspicillata (male) 

- frugivor 
understory; 

(f) Lonchophylla 
robusta : (nursing 
female with pub) - 
nectarivore. 

Photos: 

A. Vorauer (a-c), 

P. Weish (d-f). 
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Table 3: Relative importance of foraging guilds in bat assemblages of different habitats around La Gamba: S = species / guild; 

I = individuals / guild; D% = guild dominance. Pooled data for forest margins at both sides of the La Gamba region (see SW+SE 
in Table 2). 



Total 

Primary forest 

Secondary forest 

Cultivated land 

Corridors 

Guild 

D% 

S 

1 

D% 

S 

1 

D% 

S 

1 

D% 

S 

1 

D% 

FU 

38.1 

3 

156 

32.9 

3 

416 

53.7 

3 

20 

18.7 

3 

52 

15.5 

FC 

37.1 

12 

160 

33.7 

9 

230 

29.7 

6 

53 

49.5 

11 

185 

55.0 

IA 

10.9 

7 

59 

12.5 

6 

35 

4.5 

6 

32 

29.9 

7 

59 

17.6 

IG 

3.2 

6 

40 

8.4 

5 

14 

1.8 

0 

0 

0 

0 

0 

0 

N 

5.5 

8 

38 

8.0 

6 

39 

5.0 

0 

0 

0 

5 

16 

4.8 

GO 

5.2 

4 

21 

4.5 

4 

41 

5.3 

1 

2 

1.9 

3 

24 

7.1 

total 

100 

40 

474 

100 

34 

775 

100 

16 

107 

100 

29 

336 

100 


mist net samples. Accordingly, only three species of this 
guild reach a dominance level of about 1% and accord- 
ing to the data, only Pteronotus pamellii can be regarded 
as common in different habitats of the area. It was abun¬ 
dant especially at one corridor site, which might have 
been located close to a roosting site of this species. The 
mainly insectivore and occasionally piscivore Lesser 
Fishing Bat ( Noctilio albiventris , Noctilionidae), a species 
foraging low over ground, has been caught only in the 
late dry season 2004 (mid March) at running water in 
the open landscape in the La Gamba valley and may be 
more common in the area than suggested by our data. 

Bat community structures in different habitats 

Species numbers, species composition, dominance 
and guild structures, as well as relative abundances (bat 
densities expressed over capture rates) showed pro¬ 
nounced differences between the main habitats around 
La Gamba (Tables 1-3, Fig. 5). 

The primary forest sites together yielded 40 bat 
species. While only nine species of the La Gamba region 
(so far) were not recorded in mature forest habitats, 10 
species were found exclusively at such sites. However, of 
this high total only a third has been caught in larger 
numbers and at more than one to three sample sites. The 
number of rare species is reflected by the length of the 
“tail” in the rank abundance graph (Fig. 5), indicating 
the high number of species (19) of which only one or 
two individuals were sampled (see also Table 2). Also, all 
species exclusively found in the primary forest seem to he 
rare even there, the Hairy Big-eared Bat (M icronycteris 
hirsuta) being the only species of this group which has 
been caught (albeit only in 1997) in some numbers. 
Thus, although the primary forest shows a high value for 
species diversity (Shannon index), the dominance curve 
is somewhat unbalanced, with the five most abundant 
species accounting for 55% of all individuals and with a 
comparatively high dominance index (29%). In addi¬ 
tion, bat densities as expressed over capture rates were 
significantly lower at most mature forest sites than at for¬ 
est margins near the primary forest and at gallery wood¬ 
land and other corridor habitats (Table 1). 


Secondary forests were sampled with similar intensi¬ 
ty to primary forest sites (Table 1). Although species 
numbers and species diversity values were clearly lower in 
this habitat type (32 species near the national park plus 
two species found only at the opposite side of the La 
Gamba valley), when all data from both investigation 
years are pooled, altered forests still represent an impor¬ 
tant and species-rich habitat for bats. In 2004, for in¬ 
stance, we found no difference in the number of bats sam¬ 
pled per night between primary and secondary forest sites. 
Furthermore, both the 1997 data and the 2004 data indi¬ 
cate much higher bat densities in secondary forests than 
in primary forests. However, the high densities are main¬ 
ly the outcome of the dominance of only three generalis- 
tic phyllostomid frugivores (Carollia castanea, C. perspic - 
illata, Artibeus watsoni: Table 2) which is also expressed in 
high dominance indices of the forest margin communities 
(Fig. 5). Also, species numbers at secondary forest sites 
were twice as high near the national park than at isolat¬ 
ed sites across the La Gamba valley (16 species). Never¬ 
theless, this may be simply an artefact of the lower sam¬ 
pling effort at these sites, and the dominant species did 
not differ between both subsets of secondary forest sites. 

Despite much less capture effort in gallery woodland 
and other forested corridors, these habitats showed 
nearly the same species richness and slightly higher cap¬ 
ture rates than secondary forest sites. Moreover, when 
species diversity and dominance values, and (in part) 
guild patterns, are considered, these sites were more 
similar to primary forest than to the secondary forests 
(Fig. 5, Table 2-3). 

Because six species were caught in comparatively 
high (and similar) numbers and because the species list 
is short with only a few “rare” species, the open to semi¬ 
open cultivated habitats showed the lowest dominance 
index and reached a comparatively high species diversi¬ 
ty index. 

Although most species which were captured at dis¬ 
turbed secondary habitats were also found in our pri¬ 
mary forest sites, there are at least five species belonging 
to different foraging guilds (Saccopteryx bilineata, PhyU 
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o 

c 

ro 
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re 
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o 
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Primary forest 
sites: 
species: 
individuals: 
dom-lndex: 
H' diversity: 


12 

40 

480 

28.9 

2.88 


frugivors (canopy gleaning) 
frugivors (understory gleaning) 
nectarivores 
insectivores (aerial) 
insectivores (gleaning) 
gleaners (omni-/carni-/sanguivores) 


Iflnnn^a 




10 20 

Cultivated land 
(pasture, plantation) 


sites: 
species: 
individuals: 
dom-index.: 
H’ diversity: 


9 

16 

106 

26.4 

2.47 


Corridors, riverside habitats 


sites: 
species: 
individuals: 
dom-lndex: 
H' diversity: 




7 

29 

336 

35.1 

2.92 


Secundary forest margins (W) 


sites: 
species: 
individuals: 
dom. index: 
H' diversity: 


13 

32 

705 

50.5 

2.45 


[InHnnBmKintjnr 


Secundary forest margins (E) 

sites: 2 

species: 16 

individuals: 66 

dom-lndex: 54.5 

H' diversity: 2.05 


rank of species 


rank of species 


Fig. 5. Rank-abundance (dominance-diversity) graph of bat species belonging to six foraging guilds at different habitats in the La 
Gamba-area 1997 and 2004. Secondary forest habitats: W = near the Piedras Blancas NP, E = across the La Gamba valley. Details see Text. 


lostomus discolor, Platyrrhinus helleri, Stumira lilium, Uro - 
derma bilobatum) which seem to thrive much better in 
the altered or cultivated landscape than in the primary 
habitats of the Esquinas forest. These species were only 
captured once at a single P-site, hut were regularly cap¬ 
tured at different disturbed sites in higher numbers (see 
Table 2). In addition, Noctilio albiventris was only found 
in the open landscape of the La Gamba valley along the 
Rio Gamba and along a little creek at a nearby cattle 
pasture (sites Gl, C2). 

Guild structures 

The relative composition of the distinguished forag¬ 
ing guilds differed significantly between all main habi¬ 
tats (p < 0.001, x 2 tests with 5 degrees of freedom (d.f.) 
for comparisons of habitats: P vs. S, C & G; S vs. C & 
G, and p < 0.01 for C vs. G, 4 d.f.; Table 3). Six forag¬ 
ing guilds were observed at the primary and secondary 
forest sites, whereas only five and four were observed at 
the gallery woodland (corridor) and cultivated land¬ 
scape sites, respectively. When all individuals within a 
specific guild were treated as if belonging to one “guild 
species”, foraging guild diversity (Shannon index) was 
highest at primary forest sites (H'= 1.54), lowest at cul¬ 


tivated sites (H'= 1.1) an intermediate at secondary for¬ 
est margins (1.21) and gallery woodlands (1.26). 

Although the two most highly represented foraging 
guilds at all habitat types were understorey and canopy 
gleaning frugivores, there were pronounced differences 
between habitats in the species diversity within the FC 
guild (Table 3) and in the dominance ranks of the fru- 
givorous species. Whereas the mainly canopy gleaning 
species of the subfamily Stenodermatinae made up 
about one third of total captures in the forested sites, 
this guild (with fewer species) made up about 50% of all 
captures in the open cultivated landscape (gallery 
woodland, pastures). On the contrary, understorey 
gleaning frugivores ( Carollia spp.) were much more 
dominant in primary and especially in secondary forest 
habitats than in more open corridor habitats and pas¬ 
tures. Also, insectivorous to carnivorous gleaning 
species of the subfamily Phyllostominae showed a clear 
preference for forested sites, although gleaning omni¬ 
vores contributed less than 10% to the total captures in 
all investigated habitats around La Gamba (Table 3). 
Aerial insectivores on the other hand, with 6-7 species 
made up a comparatively high proportion of total cap- 
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Fig. 6: Niche segregation 
within ecological guilds as 
indicated by different cap¬ 
ture heights of bats in the 
La Gamba region: 
(a): Capture heights of 3 
Carollia and 4 Artibeus spe¬ 
cies in primary and secon¬ 
dary habitats respectively. 

(b): Capture heights of 
different species of aerial 
insectivores (left), under¬ 
storey frugivores (middle) 
and canopy frugivores 
(right). Box plot charts dis¬ 
playing the median, 10 th , 
25 th , 75 th and 90 th 
percentiles with outliers 
(5 & 95% percentiles). 


75 


154 


53 


138 




tures in the cultivated landscape whereas gleaning in- 
sectivores were absent there. This latter guild (with 6 
species) and nectarivores (8 species) were only signifi¬ 
cant in the mature forest. 

Niche segregation within foraging guilds 

We used the capture heights of individual bats in our 
mist net samples from 2004 (net heights up to 4-5 m) in 
order to test whether species-specific differences in the 
use of “air bands” exist between species within single 
foraging guilds and between habitats. We focus here on 
three groups of species with larger capture rates: aerial 
insectivores of the families Emballonuridae and Mor- 
moopidae, and two groups of congeneric frugivores, the 
understorey gleaning Carolliinae ( Carollia species) and 
the more canopy gleaning Stenodermatinae ( Artibeus 
species). Fig. 6a shows that on average Carollia and Art¬ 
ibeus species tended to be caught higher in mist nets at 
primary forest sites than at secondary forest sites. Differ¬ 
ences were significant for Carollia spp. (P: 147 ± 88 cm 
vs. S: 109 ± 84 cm; t = 3.16, p < 0.01) but not for Art¬ 
ibeus (P: 187 ± 97 cm vs. S: 165 ± 96 cm; t= 1.41, ns), 
but were significant between the two frugivorous groups 
(Carollia vs. Artibeus) both in primary forest (t = 2.42, 
p < 0.05) and in secondary habitats (t= 5.31; p < 0.001). 
So, as could be expected, canopy gleaners were caught 
higher in the nets than understorey gleaners, which is 
also the case when single species of both guilds are com¬ 
pared (Fig. 6b). 

In Figure 6b, we pooled data from different forested 
sites in order to compare capture heights between single 
species within the different guilds. There were no strong 
differences between species within the two frugivorous 
guilds. However, in both guilds, the differences between 
the average capture heights of the lowest and highest 
flying species ( Carollia castanea 108 cm vs. C. brevicau - 
da 145 cm; Artibeus watsoni: 166 cm vs. A. phaeotis 200 


cm) may indicate some differences in foraging strate¬ 
gies, although only capture heights between C. castanea 
and C. brevicauda (t= 2.21; p < 0.05) differed signifi¬ 
cantly. There were no significant differences between 
C. perspicillata and C. brevicauda and no differences be¬ 
tween any of the Artibeus species. 

Segregation in average flight (capture) heights was 
more pronounced in aerial insectivores. Despite the com¬ 
paratively small sample sizes for species of this guild there 
were significant differences in the average capture 
heights between all three species of the guild. The aver¬ 
age capture height of the two “Sac-winged Bats” Rhyncho- 
nycteris naso and Saccopteryx bilineata differed by 1.7 m, R. 
n aso being caught very low above ground, (66 ± 43 cm), 
and S. bilineata mostly above 1.5 m (235 ± 124 cm; 
t = 4-01; p < 0.01). The mormoopid Pteronotus pamellii 
was caught at intermediate heights (125 ± 53 cm), but 
significantly higher than R. naso (t= 3.18; p < 0.01) and 
lower than S. bilineata (t = 2.70; p < 0.05). 

Discussion 

Bat diversity of the 

Piedras Blancas National Park area 

There are at least 108 species of bats belonging to 
nine families in Costa Rica (LaVal & Rodriguez 
2002). Given its small size, Costa Rica may thus be re¬ 
garded as one of the countries with the greatest species 
diversity of bats. Within Costa Rica, there is a gradient 
of decreasing species diversity from the lowlands to 
higher elevations, and a decrease in species numbers 
may also be expected from the south to the north with 
increasing distance from the equatorial zone. Given this 
background, our investigation area at the southernmost 
lowland area of Costa Rica which also encompasses a 
wide variety of environmental conditions and harbours 
some of the most species-rich life zones in Costa Rica 
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(Powell & Barborak 2000, Weissenhofer et al. 2001, 
SANCHEZ-Azofeifa et al. 2003), could be expected to be 
one of the bat “hot spots” not only in Costa Rica, but in 
the whole of Central America. We feel that these ex¬ 
pectations are fulfilled by our results. According to 
Janzen (1983), 145 of the 200 Costa Rican mammal 
species, including 80 bat species, have been detected or 
are expected to occur in either Osa or Golfo Dulce re¬ 
gion. According to distribution maps and data sum¬ 
marised by Reid (1997) and LaVal & Rodriguez 
(2002), this figure drops to about 70 species (or 65% of 
the total Costa Rica bat fauna), if one refers only to low¬ 
land species which mainly or exclusively occur, below 
about 600 m altitude. Although identification of some 
species is still somewhat uncertain (see below) with 
about 50 species from six families, the Piedras Blancas 
National Park area can be regarded as extremely species 
rich (about 45% of all Costa Rican bats and about 70% 
of all possible species of the Golfo Dulce region). In the 
course of our investigations, bats were only sampled by 
ground level mist nets, but neither canopy netting nor 
acoustic monitoring took place. These limitations in 
methodology mean that our species list is likely to be in¬ 
complete and biased (cf. Voss & Emmons 1996, Lim & 
Engstrom 2001, Kalko 1997, 1998, Sampaio et al. 

2003). Presumably only the fraction of species occupy¬ 
ing the lower strata is well represented. In particular, 
most aerial insectivores will be under-represented be¬ 
cause many species of this group forage at higher strata 
or above the forest canopy, and, in addition, tend to 
avoid mist nets due to their well developed echoloca- 
tion systems. In our data, this bias is not only visible by 
the low capture rates of aerial insectivores, which, de¬ 
spite comprising a quarter of all species, only account 
for 10.7% of captures, but also by the disproportionate¬ 
ly high number of 13-14 aerial insectivores which are 
expected to occur in the region but are missing in our 
sample. Members of the family Molossidae are totally 
absent (4 further species possible), and only a few Em- 
ballonuridae (4-5 further species possible) and Vesper- 
tilionidae species (3 further species possible) are listed 
(Table 2). We therefore conclude that the already high 
overall species diversity of the Esquinas forest is 
(much?) higher than recorded so far. This is also true for 
the local species diversity of the La Gamba region. With 
regard to the stated methodological limitations, the 
comparatively low sampling effort with only late dry 
season sampling, and with respect to the very restricted, 
small sampling area (only about 6 km 2 ), our investiga¬ 
tion area possibly has one of the highest values of alpha 
diversity reported so far from neotropical lowlands. Al¬ 
though the number of localities with reasonably com¬ 
plete species lists is still limited, for the majority of such 
(mostly much larger) sites, inventories indicate between 


35 and 65 (exceptionally 20-75) species (see VOSS & 
Emmons 1996, Soriano 2000, Stoner 2005 with fur¬ 
ther references). In Costa Rica, for instance, the bat 
lists of even the best investigated areas, i.e. La Selva and 
Palo Verde, comprise no more than 67-68 species for the 
entire national park areas (TlMM 1994, STONER & TlMM 

2004) . 

As in most other neotropical areas (e.g. STONER 

2005) , members of the family Phyllostomidae were 
highly dominant in the La Gamba bat community. If 
only this most diverse bat family, whose members can be 
recorded more appropriately with the aid of ground lev¬ 
el mist nets, is considered, the tiny La Gamba region 
contains more species (37) than Palo Verde (32) and 
only a slightly fewer than La Selva (42). Overall, these 
comparisons clearly indicate that the bat fauna around 
the “Rainforest of the Austrians” mirrors the outstand¬ 
ing diversity of its flora and vegetation (e.g. WEIS¬ 
SENHOFER et al. 2001) and of other organisms (see sev¬ 
eral contributions in this book). Our bat data therefore 
should be regarded as an additional argument for in¬ 
creased future habitat conservation efforts in the region. 

Status of local species with 
regard to the situation in Costa Rica 

The above point of view is further emphasised by the 
Costa Rican distribution and conservation status of the 
locally occurring bat species. According to the assess¬ 
ments in LaVal & Rodriguez (2002), many of the bat 
species so far recorded around La Gamba are stated as 
“uncommon” if not “rare” in Costa Rica. Lourteen out of 
the 49 species listed in Table 2 are widespread and abun¬ 
dant to common throughout Costa Rica, at least in wet¬ 
ter parts of the lowlands. This quarter of species accounts 
for 58% of all captures and includes most of the species 
with higher dominance ranks (> 3% or more than 50 in¬ 
dividuals) in our sample. Another eight species, includ¬ 
ing the locally abundant Artibeus watsoni and Sturnira lib 
ium are stated to be at least “locally common” in Costa 
Rica by LaVal & Rodriguez (2002). Most of the 16 
“uncommon” Costa Rican lowland species were only 
recorded in small numbers also at La Gamba (14% of to¬ 
tal captures). Nevertheless, some of these species (name¬ 
ly Lonchophylla mordax, Platyrrhinus helleri, Uroderma bilo- 
batum, Vampyressa pusilla) were captured in comparative¬ 
ly large numbers and at more than one site and habitat 
in our investigation, which might indicate healthy local 
populations. This may also be true for some more spe¬ 
cialised forest dwellers like Micronycteris hirsuta, Tonatia 
saurophila or Glossophaga commissarisii (cf. Table 2). Li- 
nally, about ten species which are known from only a few 
sites in Costa Rica and are stated as “rare” or “very rare” 
by LaVal &RODRIGUEZ (2002) (or could not be expect¬ 
ed at Pacific lowland sites), were recorded in low num- 
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bers (total: 36 individuals). Most of these species were 
captured at or only near primary forest sites: Centonyc- 
teris centralis, Miconycteris nicefori, M. schmidtorum, Glos - 
sophaga leachii, Hylonycteris underwoodii, Centurio senex. 
In contrast, the rare Dark long-tongued Bat Lichonycteris 
obscura, so far reported only from very few dense forest 
localities in Costa Rica (Caribbean Lowlands and San 
Jose area) was captured in both investigation years at dis¬ 
turbed forested habitats and Choeroniscus godmani only 
once at the margin of a secondary forest across the La 
Gamba valley (S5). 

A few identifications of such rare species still re¬ 
main somewhat doubtful (distinctions between the two 
Anoura species, R hogeessa and M yotis spp.) or require 
further confirmation. Also, the status of M icronycteris 
nicefori, a species which in Costa Rica so far was 
thought to be restricted to Caribbean and northern low¬ 
lands, and of the highland species Sturnira mordax , 
which is mainly known from the Caribbean slope (but 
also occurs on the south-western Pacific slope) needs to 
be clarified. The latter species was captured only once in 
March 2004 in the gallery woodland along the La Gam¬ 
ba river, and was possibly a transient individual. 

Community composition in different habitats 

Although the four different main habitats sampled 
in our study were close to each other, our results, as vi¬ 
sualised by rank-abundance graphs, clearly indicate pro¬ 
nounced differences in species richness, species compo¬ 
sition and dominance patterns between these habitats. 
Not surprisingly, the mature primary forest showed 
highest species numbers and a more even distribution of 
species over the abundance ranks. For instance, the 
most abundant species at primary forest sites (A rtibeus 
watsoni : 15.6% of total numbers) was only twice as 
abundant as the most abundant aerial insectivorous 
species ( Pteronotus parnellii: rank 5) and only five times 
more abundant than the first gleaning insectivorous 
species ( Tonatia saurophila: rank 11). At nearby second¬ 
ary forest sites, which are nonetheless species rich (32 
species recorded), species abundance patterns were 
much more uneven, with the two dominant species Car- 
ollia castanea (27.5%) & C. perspicillata (23.5%) con¬ 
tributing more than 50% of all captures and the rank 5 
species ( Artibeus phaeotis) being nearly 7 times and the 
highest ranking insectivorous species ( Pteronotus parnel- 
lii: rank 11) 15 times less abundant than C arollia cas¬ 
tanea. Such differences probably reflect mainly a lower 
diversity of horizontal and vertical vegetation struc¬ 
tures, of floral richness (cf. WEISSENHOFER et al. 2001) 
and of food resources at the disturbed secondary forest 
sites. Although these data once more emphasise the 
outstanding value of tropical rainforests for maintaining 
a diverse bat fauna (see for example Fenton et al 1992, 


Medellin et al 2000, Bernard & Brock-Fenton 
2002), they still may underestimate the real importance 
of these mature forest stands for local ecosystem func¬ 
tions on a landscape scale. Several studies have demon¬ 
strated that semi-natural structures (like secondary for¬ 
est patches, plantations, remnants of woodland at rivers 
and pastures) in disturbed landscapes are of high conser¬ 
vation value and show surprisingly high species numbers 
of vertebrates (e.g. Daily et al 2003, Luck & Daily 
2003, Estrada & Coates Estrada 2001, 2001a). Nev¬ 
ertheless, the comparatively high diversity and especial¬ 
ly the high densities of bats in such disturbed semi-open 
to open habitats around La Gamba in our opinion are at 
least partly a result of the vicinity to the pristine Es- 
quinas forest. Because of their dispersal abilities many 
species which still rely on mature forests (e.g. by using 
the great variety of day roosts in undisturbed areas), 
should be able to use adjoining habitats and to fulfil 
their important ecological services there. 

It is remarkable that the most abundant species in 
the cultivated landscape and especially along corridors 
(Artibeus jamaicensis, A. watsoni, Carollia perspicillata, 
Pteronotus parnellii, Sturnira lilium, Uroderma bilobatum) 
are known to be wide ranging and/or represent the 
largest members within their guild or genus. In fact, we 
have scant direct data from marked individuals which 
prove that some species range widely within our inves¬ 
tigation area and disperse from primary forests in the na¬ 
tional park out into the disturbed landscape of the La 
Gamba valley. For instance, single males of A. jamaice n- 
sis and of Uroderma bilobatum originally captured at the 
S2 site (near the primary forest) crossed the open valley 
and were recaptured about 2 km away along the La 
Gamba river (site G2), and one female Carollia castanea 
captured near the edge of the primary forest (Cl) was 
recaptured one day later across the valley at site S5, and 
a male C. brevicauda captured at the ridge forest (PI) 
was found at the edge of a secondary forest on the oppo¬ 
site side of the valley (S4) the next day. 

In addition, some dominant species at disturbed 
habitats are reported to have generalised habitat re¬ 
quirements (e.g. P. parnellii — see Fleming et al. 1972) 
and/or benefit from the presence and high concentra¬ 
tions of their preferred food (or roost) plants like Ficus, 
Piper, Solanum, and Musa at forest margins, along live 
fences and at the edges of gallery woodland. This is es¬ 
pecially true for Piper specialists such as Carollia, and 
Solanum specialists like Sturnira (compare ESTRADA &. 
Coates Estrada 2001 with similar results from dis¬ 
turbed landscape in Las Tuxtlas, Mexico). Nectarivo- 
rous species were generally captured in only low num¬ 
bers in the La Gamba region. Nevertheless, the few 
species which were also caught in some numbers outside 
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or at some distance from primary forest habitats (G los- 
sophaga soricina, Lonchophylla robusta) are either habitat 
generalists (G. soricina) or are supplementing their food 
with insects, fruit pulp or pollen. In addition, in Lon¬ 
chophylla robusta, as Tschapka (2004) has pointed 
out, large body mass provides an energy buffer that per¬ 
mits daily commuting flights between profitable forag¬ 
ing areas and a permanent roost, and in fact roosting 
caves of this species exist in mature forest near La Gam- 
ba. Similarly, we know of at least two roosting sites of 
the sanguivorous Desmodus rotundas located a few hun¬ 
dred metres inside mature forests. From such “refuges”, 
this species obviously starts its search for food through¬ 
out the landscape. As the comparatively high capture 
rates along corridors in the La Gamba region suggest 
(see Table 2), the Common Vampire Bat also utilises 
tree stands and forest remnants in the open landscape as 
“stepping stones”. 

Overall our corridor site data show that such forest¬ 
ed areas are not only fulfilling this function for many 
other species from all foraging guilds (29 species record¬ 
ed in corridor habitats around La Gamba), but moreover 
clearly indicate that in deforested landscapes these areas 
are also valuable bat foraging habitats in their own 
right, as long as they are not too far from forest rem¬ 
nants (see similar results Estrada & Coates Estrada 
2001, Schulze et al. 2000, and Daily et al. 2003 with 
further references for other mammals). 

Among the cultivated landscape sites, shaded plan¬ 
tations with higher vegetation complexity were much 
richer in bat captures and species than open pastures, 
and for these habitats, distances to mature forest were 
an additional factor influencing bat diversity. During 
two sample nights in 2004, we captured 14 bat species 
with very high capture rates in an abandoned cocoa 
plantation adjoining the primary forest (site S2) and 10 
species in much lower density in an oil palm plantation 
in the middle of the valley (site C3, Table 1). The two 
open cattle pastures sampled in 2004 differed in the 
amount and density of trees and shrubby vegetation and 
in their distance from the mature forest. Whereas 12 bat 
species were recorded at the more densely vegetated site 
Cl close to the edge of the forest, only 9 species were 
captured in the more open centre of the valley at site 
C2. However, capture rates were low at both sites in 
2004 and were very low at the same pasture sites in 1997 
with only 4 species sampled (Table 1). 

Overall our results clearly show that there is no sub¬ 
stitute for native rainforest habitats in tropical land¬ 
scapes. However, our findings also indicate that the 
conservation of bat diversity and bat-driven ecological 
processes in disturbed tropical countryside can be im¬ 
proved by relatively small measures, such as maintain¬ 


ing or replanting live fences and protecting gallery 
woodland and secondary forest patches within the cul¬ 
tivated landscape. 

Niche segregation within foraging guilds 

In general, resource diversity and abundances can 
be expected to be high in neotropical ecosystems for 
bats (which is expressed by the unsurpassed diversity of 
this group in the tropics), and in part seem to allow for 
broad overlaps in morphological and dietary space (e.g. 
WlLLIG et al. 1993). However, the high number of coex¬ 
isting species within specific foraging guilds should also 
foster finely tuned niche segregation patterns especially 
between similarly sized and/or closely related species 
(congeners). In fact, for some species (species groups) 
occurring in our investigation area, some studies have 
already demonstrated niche segregation at different lev¬ 
els. Phytophagous phyllostomids at Barro Colorado Is¬ 
land (Panama), for instance, separated into Piper- spe¬ 
cialists, Ficus-specialists, and eclectic plant eaters which 
in turn were the main consumers of flower products (Gl- 
annini & Kalko 2004). On the same island, Humphrey 
et al. (1983) demonstrated niche segregation between 
surface gleaning omnivorous and insectivorous bats over 
food item size (fostered by interspecific differences in 
size of the dentary apparatus) and also documented dif¬ 
ferences in vertical and horizontal microhabitat use. 
That vertical stratification may account for additional 
spatial and resource partitioning in complex tropical bat 
communities has been already suggested by FLEMING 
et.al. (1972) and McNab (1971), and has been clearly 
documented in several studies, albeit mostly at broader 
spatial scales (i.e. capture rates at canopy vs. ground 
nets; e.g. Lim & Engstrom 2001, Kalko & Handley 
2001). In our sample, significant differences in capture 
frequencies of some of the better-sampled species in 
higher and lower fractions of our ground nets indicate 
vertical stratification even at smaller scales (total net 
heights < 5 m above ground) and may therefore be a 
useful hint towards existing niche segregation mecha¬ 
nisms. The use of different air strata, i.e. flight at differ¬ 
ent heights above ground, could be the outcome of com¬ 
plex species-specific ecomorphological and physiologi¬ 
cal affinities and constraints (e.g. McKenzie & ROLFE 
1986, Crome & Richards 1988), but possibly also re¬ 
flect differences in diet and foraging strategies. As a dis¬ 
proportionate subset of our captures happened within 
the first two to three hours after dawn (and thus perhaps 
directly after individuals had left their roost), species- 
specific differences in roost site selection (e.g. roost 
height) are also likely to contribute to the reported pat¬ 
terns and may also in part explain differences in capture 
heights between primary and secondary forest sites. 

Vertical stratification was most prominent between 
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syntopic aerial insectivores and especially between the 
two rather small emballonurid species S. bilineata and R. 
n aso. Clear vertical niche segregation between these 
two species has also been reported from Guyana (LlM & 
Engstrom 2001) where R. naso was classified as a 
“strict understory specialist”, with 96% of its captures 
being within 3 m of ground level, whereas 60% of cap¬ 
tures of S. bilineata were above this zone. Pteronotus par - 
nellii, the third aerial insectivore in our sample also 
strongly preferred ground level habitats (90% of cap¬ 
tures below 3 m) in Guyana, but this species is much 
larger than R. naso and S. bilineata (12-26 g vs. 3-6 g and 
6-9 g respectively; Reid 1997, own data) so that dietary 
overlap is unlikely. Vertical stratification was much less 
pronounced between congeners within two frugivorous 
guilds. However, vertical segregation was significant at 
least for Carollia castanea and C. brevicauda, two species 
which do overlap in size (11-16 g vs. 13-20 g, Reid 1997, 
own data) and are both specialists on plants of the genus 
Piper, although early successional plant species are also 
eaten. Previous studies have shown that when coexist¬ 
ing, Carollia species tend to differ in the relative per¬ 
centages of fruit species consumed (Fleming 1991, 
Thies & Kalko 2004, LaVal & Rodriguez 2002). The 
small differences in capture heights in the La Gamba re¬ 
gion may therefore also reflect dietary segregation be¬ 
tween Carollia species (and to a lower extent presum¬ 
ably also between species within the genus Artibeus). 

However, as Kalko &l Handly (2001) have 
stressed, “as a result of the differential use of space 
among bats, alterations of forest structure are likely to 
result in changes in structure and function of local bat 
communities, but our limited knowledge of natural his¬ 
tory and ecology of many species limits definition of 
changes”. From the viewpoint of the conservation of lo¬ 
cal bat assemblages, this again means that the best con¬ 
servation measure around the Esquinas forest will be 
simply to preserve as diverse a forest as possible, but 
these efforts should also include buffer habitats and sec¬ 
ondary structures in the cultivated landscape (see Las- 
ka 1997, Harvey & Haber 1998). 
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